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(54) Field emitter having carbon nanotube film, method of fabricating the same, and field 
emission display device using the field emitter. 



(57) A field emitter having a high current density 
even at a low voltage using a carbon nanotube film, a 
method of manufacturing the same, and a field emission 
display device having the fieid emitter, are provided. 
The field emitter includes an insulating substrate (8), a 
thin film transistor formed on the insulating substrate, 
the thin film transistor having a semiconductor layer (7), 
a source e!ect f 'ode (3). a drain electrode (4) and a gate 
electrode (2). and an electron emitting unit formed of a 
carbon nanotube film (1) on the drain electrode of the 



thin film, transistor. The thin fiim transistor can be a 
c Dplannr type transistor, a stagger-type transistor, or an 
averse st'.gger-type transistor. T he surface of a portion 
of tn-:- ri-a:n electrode, which contacts the carbon nano- 
tube fiim. contains catalytic metal wnich is transition 
meta: sjci as nickel or cobalt. Alternatively, the drain 
eler.*rr,.iP itself ran roe formed of catalytic metal for car- 
bon r.nr.---: jbe growth. 
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Description 

BACKG ROUN D_.OF.ThiE J N VENT I ON 

1 . Field of the Invention 

[0001] The present invention relates to a field emit- 
ter having a canton nanotube film, a method of fabricat- 
ing the same, and a field emission display device using 
the field emitter, and more particularly, to a field emitter 
having a carbon nanotube film for use as an electron 
emitting unit, a method of fabricating the field emitter, 
arid a field emission display device using the field emit- 
ter. 

2. Description of the Related Art 

[0002] Field emission display devices, which are 
studied at present as a next-generation flat display 
device, are based on emission of electrons in a vacuum, 
and emit light by electrons emitted from micron-sized 
tips in a strong electric field, accelerating, and colliding 
with a fluorescent material. The field emission display 
devices are thin and light with high brightness and high 
resolution. 

[0003] Conventional electron emitters for field emis- 
sion display devices use tips made of metal or silicon, 
but have very complicated structures and provide a non- 
uniform cui lent density between pixels. In order to solve 
the above drawbacks, a metal oxide semiconductor field 
eftect transistor ((ViOSFET) can be used as an active cir- 
cuit for each unit pixel, which is disclosed in the paper 
by S. Kanemaru et al. , "Active Matrix of Si Field Emitters 
Driven by Built-in MOSFETS", IDW 97, pp 735-738, 
1997. Also, a thin film transistor can be used as an 
active circuit for eacfi unit pixel in order to solve the 
above drawbacks, which is disclosed in the paper by H. 
Gamo et ah, "Actively-Controllable Field Emitter Arrays 
with Built-in Thin-Film Transistors on Glass for Active- 
Matrix FED Applications", iDW 98. pp 667-670. 1998. 
However, the stiuctures disclosed in the above papers 
become more complicated by adding some processes 
to a fabrication process for an existing field emission 
display device. 

S U.MMARY OF T H E I N VENT) ON 

[0004] An objective of the present invention is to 
provide a field emitter having a high current density 
even at a low voltage using a carbon nanotube film. 
[0005] Another objective of the present invention is 
to proviae a method of manufacturing a field emitter 
having a carbon nanotube film through a simple proc- 
ess. 

[0006] Still another objective of the present inven- 
tion is to provide a field emission display device having 
a field emitter having a high current density even at a 
low voltage using a carbon nanotube film. 



[0007] To achieve the first objective, the present 
invention provides a field emitter having a carbon nano- 
tube film, including: an insulating substrate; a thin film 
transistor formed on the insulating substrate, the thin 
5 film transistor having a semiconductor layer, a source 
electrode, a drain electrode and a gate electrode; and 
an electron emitting unit formed of a carbon nanotube 
film on the drain electrode of the thin film transistor. 
[0008] The semiconductor layer of the thin film tran- 
ce? sistor can be a pofycrystalline silicon layer or an amor- 
phous silicon layer. The thin film transistor can be a 
coplanar-type transistor, a stagger-type transistor, or an 
inverse stagger-type transistor. 

[0009] The surface of a portion of the drain elec- 
ts trode, which is to contact the carbon nanotube film, con- 
tains catalytic metal which is transition metal, such as 
nickel or cobalt, for carbon nanotube growth. Alterna- 
tively, the drain electrode itself is formed of catalytic 
metal for growing carbon nanotubes. 
po [0010] To achieve the second objective, the present 
invention provides a method of manufacturing a field 
emitter having a carbon nanotube film, the method 
including: forming a thin film transistor having a semi- 
conductor layer, a source electrode, a drain electrode 
pb and a gate electrode on an insulating substrate: forming 
a protective insulating film on the entire surface of the 
insulating substrate on which the thin film transistor has 
been formed; etching part of the protective insulating 
film to expose patt of the drain electrode; and forming a 
30 carbon nanotube film on the exposed drain electrode. 
When the thin film transistor is a coplanar-type transis- 
tor, the step of forming the thin film transistor includes 
the substeps of: forming a semiconductor layer on the 
insulating substrate; forming a source electrode pattern 
35 and a drain electrode pattern separated a predeter- 
mined distance from each other on the semiconductor 
layer; and forming a gate electrode pattern consisting of 
a gate insulating film and a gate electrode, between the 
source electrode pattern and the drain electrode pat- 
■to tern. When the thin film transistor is a staggei-type tran- 
sistor, the step of forming the thin film transistor includes 
the substeps of: forming a source electrode pattern and 
a drain electrode pattern separated a predetermined 
distance from each other on the insulating substrate; 
45 forming a semiconductor layer pattern extending a pre- 
determined length to the sides while filling the space 
between the source electrode pattern and the drain 
electrode pattern; and forming a gate electrode pattern 
consisting of a gate insulating film and a gate electrode, 
5(7 on the semiconductor layer pattern between the source 
electrode pattern and the drain electrode pattern. When 
the thin film transistor is an inverse stagger-type transis- 
tor, the step of forming the thin film transistor includes 
the substeps of forming a gate electrode pattern con- 
55 sisting of a gate electrode and a gate insulating film, on 
the insulating substrate; forming a semiconductor layer 
pattern which covers the gate electrode pattern; and 
forming a source electrode pattern and a drain elec- 
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trode pattern separated a predetermined distance from 
each other on the semiconductor layer pattern. 
[0011] The step of forming a carbon nanotube film 
on the exposed portion of the drain electrode can be 
performed by coating the surface of the exposed portion 5 
of the drain electrode with an already-grown carbon 
nanotube film, or by directly growing the carbon nano- 
tube film on the surface of the exposed portion of the 
drain electrode. At this time, the method further includes 
forming a catalytic metal layer for carbon nanotube w 
growth on the surface of a portion of the drain electrode 
which contacts the carbon nanotube film. The step of 
forming the catalytic metal layer is performed in the step 
of forming the thin film transistor or after the step of 
etching part of the protective insulat ng film. 75 
[0012] To achieve the third objective, the present 
invention provides a field emission display device in 
which unit pixels, each of which is defined by a plurality 
of gate lines and a plurality of data lines which cross at 
right angles, are arrayed in a matrix, wherein each of 20 
the unit pixel includes: a thin film transistor formed on an 
insulating substrate, the thin film transistor having a 
semiconductor layer, a source electrode, a drain elec- 
trode and a gate electroae; an electron emitting unit 
formed of a carbon nanotube film on the drain electrode 25 
of the thin film transistor; an upper electrode formed 
opposite to the insulating substrate; and a fluorescent 
material formed on the bottom surface of the upper 
electrode, opposite to the electron emitting unit. 
[0013] in the present invention, a carbon nanotube 30 
film is used as an electron emitting unit of a field emitter, 
so that 5 field emitter having a high current density even 
at a low voltage can be realized by a simple manufactur- 
ing method. A field emission display device having a 
uniform current density in each pixel can be realized 35 
since it is driven by a ttrn film transistor. 

BRI EF.DESCRI FT ION O F TH E.. DRAWINGS 

[0014] The above objectives and advantages of the 40 
present invention wili become moie apparent by 
describing in detail a preferred embodiment thereof with 
reference to the attached drawings in which: 

FIG. 1 is a cross-sectional view of a field emitter 45 
having a coplanar-type thin film transistor and car- 
bon nanotube pixels, according to an embodiment 
cf the present invention; 

FIG 2 is a cross-sectional view of a field emitter 
having a stagger-type thin film transistor and car- 50 
bon nanotube pixeis, according to another embodi- 
ment of the present invention; 

FIG. 3 is a cross-sectional view of a field emitter 
having an inverse stagger-type thin film transistor 
and carbon nanotube pixels, according to str! 55 
another embodiment of the present invention; 
FIG. 4 is an equivalent circuit diagram of a field 
emission display device using a field emitter 
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according to an embodiment of the present inven- 
tion; 

FIG. 5A is a scanning electron microscope (SEM) 
image of a grown carbon nanotube film according 
to an embodiment of the present invention; 
FIG. 5B is a transmission electron microscope 
(TEM) image of a carbon nanotube film deposited 
on each unit pixel in a field emission display device 
according to an embodiment of the present inven- 
tion; and 

FIG. 6 is a cross-sectional view of a field emission 
display device according to an embodiment of tl e 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0015] Hereinafter, embodiments of the present 
invention will be described in detail with reference to the 
attached drawings. However, the embodiments of the 
present invention can be modified into various other 
forms, and the scope of the present invention must not 
be interpreted as being restricted to the embodiments. 
The embodiments are provided to more completely 
explain the present invention to those skilled in the art. 
[0016] The present invention is basically associated 
with formation of an electron emitting unit using carbon 
nanotube in a field emitter. In general, carbon, which 
acts as the most important constituent of all kinds of liv- 
ing organisms, including a human body, by combining 
with oxygen, nydrogen or nitrogen, has four crystal lir e 
structures-diamond, graphite, fullerence and carbon 
nanotube, each of which has peculiar features. Among 
the four crystalline structures, a camon nanotube is 
formed by rolling a hexagonal beehive-patterned struc- 
ture, formed oy combination of one carbon atom wr.h 
tnree other carbon atoms, ; n a tube shape. A carbcn 
nanotube has a very small diameter on the order of sev- 
eral to several hundreds of nanometers, and is grown as 
a single wall structure or multi-wall structure A car ben 
nanotube becomes an electrical conductor such as a 
metal, or has the properties of a semiconductor that 
does not transmit electricity well, according to a rolhrg 
shape or a diameter Besides, since a carbo nanotube is 
hollow and long, a carbon ranctute has excellent 
mechanical, electrical and chemical characteristics, so 
that it is known as a material capable of being used tor 
field emission devices, hydrogen storage vessels, sec- 
ondary cell electrodes, and the like. 

[0017] FIG. 1 is a cross-sectional view of a fie d 
emitter having a coplanar-type thin film transistor ard 
carbon nanotube pixels acceding to an embodiment of 
t'ie present invention. Referring to FIG, 1. a semicon- 
ductor layer 7 is formed on an insulating substrate 8 
having a firmness, such as a glass substrate. A source 
electrode 3 pattern and a drain electrode 4 pattern are 
formed a predetermined distance apart on the semicon- 
ductor layer 7. The semiconductor layer 7 can be 
formed of amorphous silicon or polycrystalline silicon 
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which is; doped or undoped with impurities, and the 
souioe electrode 3 pattern and the drain electrode 4 
pattern are formed by photolithography as in a typical 
semiconductor device fabrication process. 
[0018] Each of the source electrode 3 and the drain 5 
electr ode 4 can be formed of a conductive material such 
as aluminum, tungsten or refractory metal silicide in a 
sirgie layered structure or multi-layered structure. As 
described later, when a carbon nanotube film is grown 
direcfy en a drain electrode, a catalytic metal layer (not w 
shown) lor growing carbon nanotubes, for example, a 
niLkfci or cobalt layer, can be formed on tfie portion of 
the dram electrode 4 which is to contact the carbon nan- 
otube Mm 1. That is, the catalytic metal layer can be 
formed only on portions which are to contact the carbon 15 
nnnotubo film 1 . can be formed on the entire surface of 
the drain electrode 4, or can be formed on the upper 
su*1ace of the source electrode 3 and on the upper sur- 
fnce of the drain electrode 4. Alternatively, the drain 
eif-cirode 4 itself can be formed of catalytic metai. 20 
[0019] A gate insulating film 5 is formed on a por- 
tio-i of t he- semiconductor layer 7 exposed between the 
sojrc: 1 electrode 3 pattern and the drain electrode 4 
pattern, being separated from the source electrode 3 
partem and the drain electrode 4 pattern. A gate elec- 25 
trode 2 pattern is formed on the gate insulating film 5. A 
protective insulating film 6 is formed to insulate the 
m '.jfc- eieutrode 3, the gate electrode 2 and the drain 
e't-cT r :)de ^ f rom one another and to protect them. A car- 
bon ramtuoe film 1 is formed on the catalytic metal 30 
layer covering part of the surface of the drain electrode 
- n th s embodiment). 

[0020] The gate insulating film 5 can be an oxide 

funi a r.rnde film or a combination film of an oxide film 
am a mt'ide fiim, the gate electrode 2 can be formed of 35 
nk.mi-un impurity-doped polysilicon, or the like, and 
t-v p-oiec'ive insulating film 6 can be formed of an 
c. ■)<• se-ies or nitride-series insulating material having 
«i' »-*.HUmi planarization capability 

[0071] Then, to be more 1 specific for tfie process for to 
'•■-I- Ai^uiing the field emitter shown in FIG. 1, the 

* - - -miuctor layer 7 is formed on the insulating sub- 

t>y a chemical vapor deposition method or a 
: ' . • vripor deposition method using sputtering. 

-i conductive material layer is formed on the entire 45 
» * » • ^ trie semiconductor layer 7, and then the 
• ••■-trode 3 pattern and tfie drain electrode 4 
: •• formed a predetermined distance apart on 
•* - •■**•<. '^ductor layer 7 by a typical photolithographic 

■) A*- described above, the conductive material so 
.1 tv a catalytic metal layer (not shown) for grow- 
■ nanotubes. When a catalytic metal layer is 

* '■ « 1 " a general conductive material in a muiti-lay- 
• 1 ^'jciure. the photolithographic process is per- 

' • 1 r , ]p- tre catalytic metal layer is formed on the 55 

J * t 'vt* material. 
[0022) T hereafter, a material layer for the gate insu- 
lar mj tiim 5 and a material layer for the gate electrode 2 
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are formed on the entire surface of the substrate, and 
then the gate insulating film 5 and the gate electrode 2 
pattern are formed between the source electrode 3 pat- 
tern and the drain electrode 4 pattern by photolithogra- 
phy Then, the protective insulating film 6 is formed on 
the entire surface of the substrate on which a thin film 
transistor is formed, and part of the protective insulating 
film 6 is etched to expose part of the drain electrode 4. 
Then, the carbon nanotube film 1 is formed on the 
exposed drain electrode 4. 

[0023] The step of forming the carbon nanotube film 
1 can be performed by at least two methods. One 
method is coating the exposed drain electrode 4 with a 
carbon nanotube film 1 which has been already grown 
in the outside. Another method is forming a thin film 
transistor having the semiconductor layer 7, the source 
electrode 3, the drain electrode 4 and the gate electrode 
2, loading a substrate on which part of the dram elec- 
trode 4 is exposed into an apparatus for growing carbon 
nanotubes, and growing the carbon nanotube film 1 
directly on the exposed drain electrode 4. 
[0024] As for the method of growing carbon nano- 
tubes, a method of generating carbon nanotubes 
between two graphite rods through arc discharge is dis- 
closed in the paper by Sumio lijima, "Helical Microtu- 
bules of Graphitic Carbon", Nature, Vol. 354, pp 56-58, 
November 7, 1991. As another method of growing car- 
bon nanotubes, a method of generating carbon nano- 
tubes at about 1200°C or greate" when graphite is 
irradiated by laser light, or generating carbon nanotubes 
at about 1600 to 1700°C when silicon carbide is irradi- 
ated by laser light, is disclosed in the paper by Michiko 
Kusunoki et a!., "Epitaxial Carbon Nanotube Film Self- 
organized by Sublimation Decomposition of Silicon Car- 
bide", Appl. Phys. Lett. Vol 71, 2620, 1997. A method of 
generating carbon nanotuoes by thermally decompos- 
ing hydrocarbon-series gas using a chemical vapor 
deposition (CVD) method is disclosed in the paper by 
W.Z. J et al, "Large-scale Synthesis of Aligned Carbon 
Nanotubes". Science. Vol. 274, pp 1701-1703. Decem- 
ber 6, 1996. 

[0025] As described above, the growth of carbon 
nanotubes in the present invention can use arc dis- 
charge, laser, CVD, or high density plasma. 
[0026] In an embodiment of the present invention, a 
high density plasma CVD method is used, and an induc- 
tively coupled plasma (ICP) apparatus capable of gen- 
erating high density plasma by applying radio frequency 
power is used as a plasma chemical vapor apparatus. A 
hydrocarbon-series gas such as acetylene or benzene 
containing carbon atoms can be used as a source gas 
of plasma for growing the carbon nanotube film 1 . How- 
ever, the present embodiment uses methane C\-\ A which 
is supplied at a flow rate of about 10 SCCM together 
with helium He, which is an inert gas, at a flow rate of 
about 1 0 SCCM. In the present embodiment, the carbon 
nanotube film 1 is grown with RF power fixed at 1 kW, at 
a substrate temperature of 600 to 900 °C, and at an 




7 EP 1 061 

internal pressure of 1 0 to 1 000 mTorr. Nitrogen (N ? ) gas 
or hydrogen (K>) gas can also be used to accelerate the 
reaction, and the density of piasma in the present 
embodiment is kept at 1 0 1 1 cm 3 or greater. 
[0027] FIG. 2 is a cross-sectional view of a field 5 
emitter having a stagger-type thin film transistor and 
carbon nanotube pixels, according to another embodi- 
ment of the present invention. The same reference 
numerals as those of FiG. 1 denote the same elements, 
so they will not be described in detail. Referring to FIG. w 
2, the source electrode 3 pattern and the drain elec- 
trode 4 pattern are spaced a predetermined distance 
from each other on the insulating substrate 8. A semi- 
conductor layer 7 extending a predetermined length to 
trie sides while filling the space between the source ir> 
electrode 3 pattern and the drain electrode 4 pattern, is 
formed. A gate electroae 2 pattern having a gate insu- 
lating film 5 and a gate electrode 2 is formed on the 
semiconductor layer 7 over the space between the 
source electrode 3 pattern and the drain electrode 4 20 
pattern. A protective insulating film 6 covers the gate 
electrode 2 pattern. A carbon nanotube film 1 is formed 
on part of the surface of the drain electrode 4. 
[0028] As aescrbed above, the source electrode 3 
and the drain electrode 4 can be formed in a single-lay- ?5 
ered or multi-layered structure from a conductive mate- 
rial. When a carbon nanotube film is grown directly on a 
dra-n electrode, a catalytic metal layer (not shown) for 
growing canbon nanotubes can be formed on the sur- 
face of the drain electrode 4 which is to contact the car- no 
bon nanotube film 1. That is, the catalytic metal layer 
can be formed only on portions which are to contact the 
carbon nanotube film 1 , can be formed on the entire sur- 
face of the drain electrode 4, or can be formed on the 
uppe r surface of the source electrode 3 and on the 35 
uppe^ surface of the drain electrode 4 for convenience 
of the process. Alternatively, the drain electrode 4 itself 
can be tormed of catalytic metal. 

[0029] Then, to be more specific for the process for 
manufacturing the field emitter shown in FIG. 2, a con- 40 
ductive material layer is formed on the entire surface of 
tne insulating substrate 8, and then tne source elec- 
trode 3 pattern and the d^ain electrode 4 pattern are 
formed a predetermined distance apart on the insulat 
ing substrate 8 by a typical photolithographic method. 4* 
As described above, the conductive material layer can 
be a catalytic metal layer for growing carbon nanotubes. 
In case that a catalytic metal layer is formed on a gen- 
era; conductive material in a multi-layered structure, the 
photolithographic process is performed after the cata- 50 
lytic metal layer is formed on the conductive material. 
Next, the sem cor.ductc layer 7 is formed on the insu- 
lating substmte 8 by a chemical vapor deposition 
method or a physical vapor deposition method using 
sputtering, and patterned by photolithography, thereby 55 
forming the semiconductor layer 7 pattern extending a 
predetermined length to the sides while filling the inter- 
val between the source electrode 3 and the drain elec- 
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trode 4. 

[0030] Thereafter, a material layer for the gate insu- 
lating film 5 and the gate electrode 2 is formed on the 
entire surface of the substrate, and then the gate elec- 
trode 2 pattern consisting of the gate insulating film 5 
and the gate electrode 2 is formed on the semiconduc- 
tor \aye r 7 over the space between the source electrode 
3 pattern and the drain electrode 4 pattern by photoli- 
thography. Then, the protective insulating film 6 is 
formed on the entire surface of the substrate on which a 
thin film transistor is formed, and part of the protective 
insulating film 6 is etched to expose part of the dram 
electrode 4. Next, the carbon nanotube film 1 is formed 
on the exposed drain electrode 4. The step of forming 
the carbon nanotube film 1 is the same as in the embod- 
iment of FIG. 1 . 

[0031] FIG. 3 is a cross sectional view of a field 
emitter having an inverse stagger-type thin film transis- 
tor and carbon nanotube pixels according to still another 
embodiment of the present invention. The same refer- 
ence numerals as those of FIG. 1 denote the same ele- 
ments, so they will not be described in detail. Referring 
to FIG. 3, a gate electrode 2 pattern having a gate elec- 
trode 2 and a gate insulating film is formed on a insulat- 
ing substrate 8. A semiconductor layer 7 pattern covers 
the gate electrode 2 pattern. A source electrode 3 pat- 
tern and a drain electrode 4 pattern are spaced a prede- 
termined distance from each other on tl'e 
semiconductor layer 7 pattern. A protective insulating 
fi;m 6 covering and filling the space between the source 
electrode 3 pattern and the drain electrode 4 pattern, is 
formed. A carbon nanotube film 1 is formed on part of 
the surface of the drain electrode 4. 
[0032] To be more specific for the process for man- 
ufacturing the field emitter shown in FIG. 3, a materia! 
layer for the gate electrode 2 and the gate insulating film 
5 is formed on the entire surface of the insulating sub- 
strate 8, and then the gate electrode 2 pattern consist- 
ing of trie gate electrode 2 and the gate insulating film 5 
is formed on the instating substrate 8 by photolithogra- 
phy. Next, a semiconductor layer 7 is formed on the 
entire surface of the insulating substrate 8 and pat- 
terned by photolithography, thereby forming the semi- 
conductor layer 7 pattern that covers the gate o.cctrodo 
2 pattern. Then, a conductive material layer is formed 
on the entire surface of the resultant structure, and then 
the source electrode 3 pattern and the drain electrode 4 
pattern are formed being spaced a predetermined dis- 
tance from each other by a typical photolithographic 
method. Next, the protective insulating film 6 is formed 
on the entire surface of tne substrate on which a thin 
fi.m transistor is formed, and part o* the protective insu- 
lating fi;m 6 is etched to expose part of the drain elec- 
trode 4. Then, the carbon nanotube film 1 is formed on 
the exposed drain electrode 4. The step of forming the 
carbon nanotube film 1 is the same as in the embodi- 
ment of FIG. 1 . 

[0033] FIG. 4 is an equivalent circuit diagram of an 
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active-matrix field emission display device using a field 
emitter according to an embodiment of the present 
invention. Referring to FIG. 4, a plurality of gate lines 1 0 
(G1 , G2, G3, ...) cross a plurality of data lines 9 (D1 , D2, 
D3, ...) a! right angles, and a unit pixel is defined by two 5 
gate lines 1 0 and two data lines 9. These unit pixels are 
arrayed in a matrix. A carbon nanotube film 1, which is 
an electron emitting unit, is formed in each unit pixel, 
and thin film transistors 1 1 are provided as switch units 
for driving these electron emitting units. Each of the thin w 
film transistors 1 1 has a gate electrode connected to a 
gate line 1 0, a source electrode connected to a data line 
9, and a drain electrode connected to the carbon nano- 
tube film 1 which is an electron emitting unit. The cross- 
section of an electron emitter having the thin film tram 15 
sistors 1 1 and the carbon nanotube film 1 can be one of 
the coplanar-type field emitter, the stagger-type field 
emitter or the inverse stagger-type emitter of FIGS. 1 
through 3, respectively. 

[0034] FIG. 5A is a scanning electron microscope 20 
(SEM) image of a grown carbon nanotube film accord- 
ing to an embodiment of the present invention, which 
shows nanotube bundles arranged well in one direction. 
FiG. 5B is a transmission electron microscope (TEM) 
image of a carbon nanotube film formed on each drain ?5 
electrode in each unit pixel of a field emission display 
device according to an embodiment of the present 
invention, it can be seen from FIG. 5B that carbon nan- 
otube films are selectively grown on only an exposed 
surface of a drain electrode. 30 
[0035] FIG. 6 is a cross-sectional view of a field 
emission display device according to an embodiment of 
the present invention, which shows the cross-section of 
a unit pixel in each pixel arrayed in an active matrix. The 
coplanar-type thm fi"m transistor shown in FIG. 1 is used 35 
as the thin film transistor 1 1 , which is a switching device 
[0036] Referring to FIG. 6, an upper electrode 13 is 
installed over an insulating substrate 8, separated from 
the insulating substrate 8 by a predetermined distance. 
A senticonductoi layer 7 is formed on the insulating sub- 40 
strate 8. A source electrode 3 pattern and a drain eiec- 
trode 4 pattern are spaced a predetermine distance 
from each other on the semiconductor layer 7. A gate 
insulating film 5 is formed on tne semiconductor layer 7 
exposed between the source electrode 3 pattern and 45 
the drain electrode 4 pattern, separated from the source 
electrode 3 pattern and from the drain electrode 4 pat- 
tern, thereby forming a gate electrode 2 pattern. A pro- 
tective insulating film 6 covers the source electrode 3, 
the gate electrode 2 and part of the drain electrode 4 50 
while filling the intervals between them, to insulate them 
from one another and protect them. A carbon nanotube 
film 1 is formed on part of the surface of the drain elec- 
trode 4. A fluorescent material 12 is formed on the bot- 
tom surface of the upper electrode 13 so that it is 55 
opposite to the carbon nanotube film 1 . 
[0037] In the electron emission display device, as 
shown in FIG. 4, electrons are emitted from the carbon 
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nanotube film 1 by the driving of the thin film transistor 
1 1 included in a pixel selected by the transmission of a 
signal via a nate line 10 and a data line 9. The emitted 
electrons aie accelerated by a strong electric field 
between the upper electrode 13 and the drain electrode 
4 and cause light to be emitted by collision with the flu- 
orescent materia! 12. In this way, the electron emission 
display device performs a display function. Carbon nan- 
otubes with a nanometer size are similar to or smaller 
than tips used in conventional field emitters, but provide 
better field emission characteristics than other tips 
whqn used as an electron emitting unit. 
[0038] Although the present invention has been 
described with reference to particular embodiments 
shown in the drawings, the particular embodiments are 
just examples. It is apparent to those skilled in the art 
that various modifications to the particular embod'- 
ments may be made within the scope of the present 
invention. For example, although the present embodi- 
ments simply form carbon nanotubes using high density 
plasma, it is apparent that the carbon nanotubes can be 
formed by an arc technique, a laser technique or a 
chemical vapor deposition technique. 
[0039] According to the present invention, an 
active-matrix field emission display device, which has a 
high current density and can be driven at a low voltage, 
can be easily manufactured using carbon nanotubes 
and a thin film transistor. Also, the active fieid emission 
display device according to the present invention can 
maintain uniform and stable emission current by control- 
ling current using the thm film transistor. Therefore, a 
current driven field emission display device can be eas- 
ily realized. 

Claims 

1. A field emitter having a carbon nanotube film, com- 
prising: 

an insulating substrate; 

a thin film transistor formed on the insulating 
substrate, the thin film transistor having a sem- 
iconductor layer, a source electrode, a drain 
electrode and a gate electrode; and 
an electron emitting unit formed of a carbon 
nanotube film on the drain electrode of the thin 
film transistor. 

2. "^he field emitter of claim 1, wherein the semicon- 
ductor layer of the thin film transistor is a polycrys- 
talline silicon layer. 

3. The field emitter of claim 1, wherein the thin film 
transistor is a coplanar-type transistor, a stagger- 
type transistor, or an inverse stagger-type transis- 
tor. 

4. The field emitter of claim 1 , wherein the surface of a 
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portion of the d r ain electrode, which is to contact 
trie carbon nanotube film, contains catalytic metal 
for carbon nanotube growth. 

The field emitter of claim 1 , wherein the drain eiec- 5 
trode is formed of catalytic metal for growing carbon 
nanotubes. 

The field emitter of claim 4, wherein the catalytic 
metal for growing carbon nanotubes is nickel or w 
cobalt. 

A method of manufacturing a field emitter having a 
carbon nanotube film, the method comprising: 

7 5 

forming a thin film transistor having a semicon- 
ductor layer, a source electrode, a drain elec- 
trode and a gate electrode on an insulating 
substrate; 

forming a protective insulating film on the entire po 

surface of the insulating substrate on which the 

thin film transistor has been formed; 

etching part of the protective insulating film to 

expose part of the drain electrode; and 

forming a carbon nanotube film on the exposed P5 

drain electrode 

The method of claim 7, wnerein the step of forming 
the thin film transistor comprises the substeps of: 

forming a semiconductor layer on the insulating 
substrate: 

forming a source electrode pattern and a drain 
electrode pattern separated a predetermined 
distance from each other on the semiconductor 3. r > 
layer; and 

forming a gate electrode pattern consisting of a 
gale insulating film and a gate electrode, 
between the source electrode pattern and the 
drain electrode pattern, -to 

The method of claim 7. wnerein the step of forming 
trie run filn transistor comprises the substeps of: 

forming a source electrode pattern and a dram ir> 
electrode pattern separated a predetermined 
distance from each other on the insulating sub- 
strate: 

forming a semiconductor layer pattern extend- 
■ ng a predetermined length to the s^des while 50 
filling the space between the source electrode 
partem and the drain electrode pattern; and 
forming a gate electrode pattern consisting of a 
gate insulating film and a gate electrode, on the 
semiconductor layer pattern between the 55 
source electrode pattern and the drain elec- 
trode pattern. 



10. The method of claim 7, wherein the step of forming 
the thin film transistor comprises toe substeps of: 

forming a gate electrode pattern consisting of a 
gate electrode and a gate insulating film, on the 
insulating substrate; 

forming a semiconauctor layer pattern which 
covers the gate electroae pattern; and 
forming a source electrode pattern and a drain 
electrode pattern separated a predetermined 
distance from each other on the semiconductor 
layer pattern. 

11. The method of claim 7. wherein the step of forming 
a carbon nanotube film on the exposed portion of 
the drain electrode is performed by coating the sur- 
face of the exposed portion of the drain electrode 
with a carbon nanotube film. 

12. The method of claim 7. wherein the step of forming 
a carbon nanotube film on the exposed portion of 
the drain electrode is performed by directly growing 
the carbon nanotube film on the surface of the 
exposed portion of the drain electrode. 

13. The method of claim 12, further comprising forming 
a catalytic metal taye r for carbon nanotube growth 
on the surface of a portion of the drain e:ect r ode 
which contacts the carbon nanotube film. 

14. The method of claim 13, wherein the step of form- 
ing the catalytic metal layer is performed in the step 
of for ming the thin film transistor. 

15. The method of claim 13, wherein the step of form- 
ing the catalytic metal iayer ts peiormed after the 
step of etching cart of the protective insulating film. 

16. The method of claim 12, wherein the drain elec- 
trode is formed of catalytic metal for ca r bon nano- 
tube growth: 

17. The method of slaim 12, wnerem the camon nano- 
tube film is grown at 60C to 900"C using hydrocar 
Don-series gas as plasma source gas by plasma 
chemical vapor deposition wherein the density of 
olasma is 1 C 1 1 cm or greater. 

18. A field emission display device m winch unit pixels, 
each of which is defined by a plurality of gate lines 
and a plurality of data lines which cross at right 
angles, are arrayed in a matnx, each of the un.t 
oixel comprising: 

a thin film transistor formed on an insulating 
substrate, the thin film transistor having a sem- 
iconductor layer, a source electrode, a dram 
electrode and a gate electrode; 
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an electron emitting unit formed of a carbon 
nanotube film on the drain electrode of the thin 
film transistor; 

an upper electrode formed opposite to the insu- 
lating substrate; and 5 
a fluorescent material formed on the bottom 
surface of the upper electrode, opposite to the 
electron emitting unit. 

19. The field emission display device of claim 18, 10 
wherein the thin film transistor is a planar type tran- 
sistor, a stagger-type transistor, or an inverse stag- 
get-type transistor. 

20. The field emission display device of claim 18, 15 
wherein the surface of a portion of the drain elec- 
trode which contacts the carbon nanotube film con- 
tains catalytic metal for carbon nanotube growth. 

21. The field emission display device of claim 18, 20 
wherein the drain electrode having the carbon nan- 
otube film formed thereon is formed of catalytic 
metal for growing carbon nanotubes. 
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